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ABSTRACT
The Harpy Eagle (Harpia harpyja), the largest and most powerful bird of prey in the
Americas, is declining throughout its range in Neotropical forests. Hunting and
deforestation threaten populations in the most important remaining eagle habitat in
Central America, the Darien province of Panama. These eagles may have the longest postfledging juvenile dependency of any raptor, though juvenile behavior during this period is
poorly studied. This study monitored an 11-month-old juvenile for 7 days at a nest near the
indigenous community of Pijibasal in order to study behavior and diet. Researchers
recorded the juvenile’s location and behavior, studied prey remains and wildlife in the area,
and witnessed 2 prey deliveries from the parent birds. The juvenile depended on the
parents for food, but had begun exploring the area around the nest and practicing hunting
motions. No behavioral information on wild H. harpyja at this age has been published,
although the findings from this study agree with the hypothesis that juveniles
progressively gain independence and disperse from the parental territory during their first
2 years.
The nest-monitoring project began several years prior to this study, involving
members of Pijibasal as well as other organizations such as ANCON and Fondo Darién.
Interviews were conducted with community members to learn about local involvement and
perceptions on conservation. Judging by interviews, tourism and research projects in
Pijibasal successfully reconcile local needs with biodiversity conservation. H. harpyja
conservation efforts should focus on preserving H. harpyja habitat, studying juvenile
dispersal, and involving local communities, particularly given the potential of this flagship
species to promote tropical forest conservation by attracting international support.
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INTRODUCTION
Species
Harpy Eagles (Harpia harpyja) are the national bird of Panama and the only extant
member of the genus Harpia. They are the largest raptor in the Americas, weighing up to
9kg and living 35 years or more in the wild (Aguiar-Silva et al., 2012; Lerner et al., 2009).
Females may weigh more than twice that of males. These wide-ranging predators require
extensive juvenile care and large expanses of undisturbed forests, traditionally inhabiting
the Neotropics from southern Mexico to Argentina (Aguiar-Silva et al., 2014; Trinca et al.,
2008). H. harpyja, though born white, are characterized by a black crest terminating in 2
points. Juveniles’ wings turn grey first, followed by the head, neck, and chest. It may take 4
years for individuals to acquire adult plumage (Aparicio, 2008). H. harpyja regulate forest
ecosystems by curbing mediopredators such as monkeys (Trinca et al., 2008). The species
is classified as Near-Threatened due to deforestation and poaching, and local extinctions
have occurred throughout their range (IUCN, 2016; Lerner et al., 2009). Studies of juvenile
behavior and diet at nests in Central and South America contribute to our understanding of
these birds of prey, which are a conservation focus for Panama (Aguiar-Silva et al., 2012).
Location
Panama is the last country in Central America with a viable wild population of H.
harpyja and supports an estimated 209 individuals (Aguiar-Silva et al., 2014; Aparicio,
2008; Curti & Valdez, 2009). Darien, a province in eastern Panama, contains the largest
known nesting population in Central America (Figure 1). Thirty occupied nests were
located from 2000-2006, leading to an estimated density of 4-6 nests per 100km2
(González & Vargas, 2011). Many of these breeding pairs inhabit Darien National Park, a
575,000ha World Heritage site and Biosphere Reserve created in 1980 and the largest
single-country park in Central America (Cansarí, 1996). The park’s expansive primary
forests support high biodiversity; 66% of all Panamanian species considered under some
degree of threat are found there (Fondo Darién, 2012). Regarding climate, lowland moist
tropical forests dominate the area, which contains thirteen of Holdridge’s life zones. Annual
precipitation ranges between 1700-2000mm, altitude between 0-1800m, and temperature
between 17–35°C (González & Vargas, 2011).
Diet

H. harpyja mostly hunt large arboreal mammals, though also eat terrestrial and
avian prey such as Red-and-green Macaws (Ara chloropterus) and Red Brocket Deer
(Mazama americana). Recorded prey include 69 species in 28 genera (Aguiar-Silva et al.,
2014; Curti & Valdez, 2009; Rettig, 1978). Sloths, principally adult Hoffmann's Two-toed
Sloths (Choloepus hoffmani) and juvenile Brown-throated Three-toed Sloths (Bradypus
variegatus), may constitute up to 78% of the diet and are the main prey species, followed
by monkeys (Saguinus geoffroyi, Cebus capucinus, Alouatta palliata) (Aguiar-Silva et al.,
2015). H. harpyja generally show a highly specialized diet based on niche breadth analysis,
though this specialization decreases in areas without large sloth populations (Rotenberg et
al., 2012). These findings suggest that H. harpyja are generally not food-limited; population
density may instead depend on factors such as availability of nesting sites or human threats
(Aguiar-Silva et al., 2014).
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Figure 1. H. harpyja sightings in Panama between 1980 and 2010, with the greatest density in the Darien
province. Taken from González & Vargas, 2011.

Nest
H. harpyja generally nest 20-30m high in Cuipo (Cavanillesia platanifolia) or Ceiba
(Ceiba pentandra) emergent trees at elevations below 310m (González et al., 2011). Pairs
mate for life and may use the same nest, measuring over 1m wide, for many reproductive
cycles (Aguiar-Silvia et al., 2014; Aparicio, 2008). Because of the difficulty of locating and
observing nests, little data exist regarding behavior and prey during nesting, particularly in
Central America (Rotenberg et al., 2012; Seymour et al., 2010).
Juvenile Development and Care
Population growth or decline in long-lived raptors largely depends on juvenile
survival (Muñiz-López et al., 2012). H. harpyja have the longest breeding period of any
raptor, only producing 1 chick every 2-3 years, but care for their offspring extensively
(Muñiz-López et al., 2006; Muñiz-López et al., 2012; Trinca et al., 2008). Females may lay 2
eggs, but only 1 chick survives (Rettig, 1978; Seymour et al., 2010). Eggs hatch after 56
days of incubation and chicks fledge 120-160 days later. During the next 23 months,
juveniles depend on their parents for food as they make their first hunting attempts and
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progressively disperse from their parents’ territory. Individuals do not reproduce until 4
years of age or older (Muñiz-López et al., 2012; Watson et al., 2016). A begging call is
associated with feeding. Though the calls of a newborn chick cause the parents to return to
the nest immediately, parental attendance and prey delivery decrease as juveniles age in
order to encourage independence (Alonso et al., 1987; Rettig, 1978). The importance of
parental care in the wild may account for the lack of success in attempts to reintroduce
captive-bred H. harpyja in Panama. Captive-bred birds are less wary of humans and more
likely to be poached; wild eagles may learn to avoid humans from their parents (Watson et
al., 2016).
Threats
A variety of factors threaten this symbolic bird of Panama in one of its most
important ranges. A low reproductive rate makes it difficult for H. harpyja to recover from
disturbances (Aguiar-Silva et al., 2012). Additionally, their dependence on emergent trees
in high-quality rainforest makes these birds particularly vulnerable to forest degradation
caused by human settlement (Lerner et al., 2009). Between 2000 and 2008, the Darien
province experienced the highest deforestation rate in Panama (González & Vargas, 2011).
Poaching also seriously affects eagle populations; motives for killing eagles include
perceived risk to livestock or children, fear, lack of information, and curiosity, despite the
fact that these eagles do not generally threaten domestic animals or people (Aguiar-Silva et
al., 2014; Trinca et al., 2008). Opportunistic poaching can particularly threaten low-density
populations hunted over large areas (Peres & Nascimento, 2006). In 2002, a law declaring
H. harpyja the national bird of Panama also set fines up to $5,000 for capturing or harming
any individuals, eggs, or nests (Aparicio, 2008). Fortunately, despite recent population
declines, a genetic study on 63 H. harpyja individuals in Central and South America found
unexpectedly high levels of genetic diversity and geographic differentiation, suggesting
promising conservation potential for the species (Lerner et a., 2009).
Organizational Involvement
Several organizations are involved in H. harpyja conservation efforts in Panama. The
Peregrine Fund (TPF), a US-based nonprofit for raptor protection, began a captive breeding
and release program in 1989. Despite the successful release of 39 captive-bred birds in
Panama and Belize, the project was ultimately unsuccessful due to high death rates mostly
due to poaching. In 2002, TPF had more success with the Neotropical Environmental
Education Program that educated communities in H. harpyja territory in order to lower
human-caused raptor mortality in Panama (Curti & Valdez, 2009). Ultimately, TPF
concluded that protecting wild H. harpyja populations is more cost-effective than
attempting reintroduction (Watson et al., 2016).
La Asociación Nacional para la Conservación de la Naturaleza (ANCON) and El
Fondo para la Conservación del Parque Nacional Darién (Fondo Darién) play important
roles in the nest-monitoring project near Pijibasal. ANCON, a private organization
promoting biodiversity conservation in Panama, owns over 30,000ha of forest in Darien.
The organization works to reforest areas and promote traditional sustainable economic
activities, environmental education, and environmental political policy (ANCON, 2015).
Fondo Darién is a national environmental fund created through the Forest Conservation
Agreement in 2004 that contributes to the conservation, maintenance and restoration of
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the Darien National Park forests and buffer zone (Fondo Darién, 2012). The nest studied
here is located in an ANCON forest reserve. Fondo Darién pays local guides to monitor the
nest and supports other conservation projects in Pijibasal.
Conservation
As an international conservation symbol, H. harpyja have the potential to attract
interest from stakeholders and garner popular support for forest conservation (Ancrenaz
et al., 2007). Forest reserves that protect H. harpyja habitat also protect other megafauna
such as the Crested Eagle (Morphnus guianensis) and the Ornate Hawk-Eagle (Spizaetus
ornatus), as well as their prey species (Aguiar-Silva et al., 2012). Effective H. harpyja
conservation efforts must include protected areas, private lands, and indigenous
territories, since much of the important eagle habitat in Panama coincides with indigenous
administrative divisions known as comarcas. This habitat includes La Amistad
International Park, Santa Fe, Chagres, and Darien National Parks, and the Ngäbe-Buglé,
Guna Yala, and Emberá-Wounan Comarcas (Aparicio, 2008). In particular, 22.4% of Darien
National Park overlaps the Emberá-Wounan Comarca (Fondo Darién, 2012). Research on
H. harpyja informs conservation efforts in these areas. In particular, studies of juvenile
development and dispersal add to our understanding of habitat use and population change
(Muñiz-López et al., 2012). However, though studies have tracked juvenile movements for
several years after hatching, there is a lack of published data for juvenile H. harpyja
behavior past 7 months (Muñiz-López et al., 2012).
RESEARCH QUESTION
What are the behavior patterns and diet of a juvenile H. harpyja at a nest near the Pijibasal
community in Darien, and how does the nest-monitoring project contribute to conservation
efforts?
METHODS AND MATERIALS
Study Site
Research was conducted between November 14 and November 21, 2016 at a nest
near the indigenous Emberá community of Pijibasal. Pijibasal is located in the Darien
Province of Panama, south of El Real de Santa Maria and approximately 3km west of the
Pirre station of Darien National Park at 8° 2'7.80"N, 77°45'31.00"W (Figure 2) (Murawski
& Hamrick, 1992). The nest is located at 8° 1'45.60"N, 77°44'19.80"W, 2.3km from Pijibasal
(Figure 3).
To observe the nest, we hiked 1.5 hours from Pijibasal to an observation point
located 36m and 79.5°E from the nest (Figure 10). The hike first followed the “Pijibasal to
Darien National Park Interpretative Trail” and then a footpath, passing through indigenous
collective lands and into an ANCON-owned forest reserve.
Behavioral Monitoring
I monitored the nest using binoculars for 3 to 6 hours each day on Days 1-8, except
for Day 7, for a total of 30.25 hours of observation (Figure 6). We arrived between 8:40 and
9:20AM every day and left between 1:00 and 3:00PM, except for a later arrival on Day 1
and earlier departure on Day 8. We generally left the nest when it began to rain in the

9
afternoon. Two Pijibasal guides took turns accompanying us; both had been trained in nest
monitoring by Karla Aparicio.
During monitoring, I recorded the following: the juvenile’s location, behaviors, and
vocalizations, and visits of the adult birds. I recorded the duration for eating and the
number of occurrences for all other behaviors. During 2 periods (2min and 12min) when
the juvenile called nearly continuously, 1 vocalization per minute was used for analysis of
frequency. For 2 periods of particularly frequent vocalizing (49min and 25min), I recorded
the calls per vocalization, vocalization duration, and time between vocalizations. On the last
day, I marked GPS locations of trees that the juvenile had visited. If trees were inaccessible,
I marked them on a map by hand. All marked locations were imported into Google Earth for
analysis. Since the juvenile’s behavior changed drastically before and after the period of
eating on Day 3, I calculated behavior rates for before and after this period and used ChiSquare Tests for Independence to test for significant differences (Alonso et al., 1987;
Martin et al., 1993; Rotenberg et al., 2012).
Local Fauna
I studied the birds and mammals in the area using sight, calls, tracks, and 2 camera
traps in order to determine the availability of prey species. Along the trail and during
observation, any animals or tracks seen or heard were noted and photographed if possible.
Two motion-triggered cameras (Bushnell Trophy Cam HD) were deployed on Day 1 and
recovered on Day 8. I tied the cameras to tree trunks within 2m of the nest tree and 50cm
above the ground (Figures 7-8). For every photograph taken, I recorded the date, time, and
species and discarded sightings of the same species within 24 hours. I then calculated
capture frequency as sightings per camera per day (Tobler et al., 2008). Mammals and
birds were identified using field guides (Reid, 1997; Ridgely & Gwynne, 1989).
Diet Assessment
Traps made from nylon nets stretched over PVC pipe frames had previously been
installed approximately 1.5m high on the nest tree in order to collect prey remains that fell
from the nest (Figure 9). On Days 1 and 8, we searched the traps and the area around the
nest tree for pellets, bones, and fur. Bones were cleaned, dried, and identified using the
bone collection at the University of Panama for comparison (Aguiar-Silva et al., 2014).
Interviews
I gathered information on the nest-monitoring project by talking to guides and to
my research advisor, Karla Aparicio. I also conducted 5 unstructured interviews with
members of Pijibasal involved in either conservation or tourism (4 men and 1 woman) to
learn about local perceptions of conservation and the community’s role in conservation
(Figures 4-5). Three people interviewed had experience as guides for scientists and 2
helped coordinate and care for tourists. Interviews adhered to LRB/IRB informed consent
policy. Only adults were interviewed, notes were taken by hand, individual identities were
not recorded, and verbal consent was acquired before each interview. Interviews were
conducted in person in Spanish and generally lasted 10-20 minutes each (Bernard, 1995).
Though interviews were unstructured, examples of questions asked are included in
Appendix 1. The final paper was translated into Spanish and sent to the community over
email.
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Figure 2. Location of Pijibasal and the nest.

Figure 4. Entrance to Pijibasal.

Figure 3. Location of the nest in the Darien province.

Figure 5. Pijibasal kitchen and dining room for visitors.
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Figure 6. View of the nest tree from the observation station. The nest is circled.

Figure 7. Camera trap 2.

Figure 8. View from camera trap 1.

Figure 9. Nylon nets around the base of the nest tree.

Figure 10. Observation point.
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RESULTS
Nest Background
Nest monitoring near Pijibasal began 2 years ago at a different nest build by the
same parent eagles; their previous chick fell from the nest and died in April 2015 at 4
months old. The parents later built an alternate nest 0.6km away, and a new chick was born
around December 2015. In June 2016, the alternate nest was found with a 6-month-old
chick and nest monitoring resumed. This chick, named Ancon after the forest reserve, had
been monitored for 4 months and was 11 months old at the time of the study. By his size,
he is thought to be male (Figure 28) (K. Aparicio, personal communication, November
2016).
Location
The juvenile was in sight for 20.5 hours (68% of the total observation time) and
presumably always in hearing range. Ten trees used by the juvenile were identified; 7 were
marked by GPS, Trees D and H were marked on the map by sight, and Tree B was never
seen but the location was estimated by the juvenile’s direction of flight and sounds in the
area (Figure 11). His farthest recorded distance from the nest was 78m, to Tree F.
In total, the juvenile changed trees 42 times, an average of once every 83 minutes.
On 7 instances, he was not seen but his location was inferred due to his direction of flight
or by sound. On 4 instances, his location was unknown. He spent most of his time (55.6%)
in the nest tree, a C. platanifolia (Figure 12).
On Day 3, the juvenile seemed to circle the observation station. From 10:15 to
11:58AM (103 minutes), he flew to Trees A, C, and D, each within 25m of the observation
point (Figure 13). None of these trees were used again during the observation period. The
juvenile spent 13 minutes in Tree C, 9.2m from the observation point, which is the closest
he has come to humans. He spent most of this time observing the researchers (Figures 1416). This behavior has not been seen before from this juvenile.
Behavior
The following behaviors were recorded: vocalizing, head bobbing, moving between
branches of the same tree (changing position), flying to a different tree (changing trees),
defecating, eating, grooming, and practicing hunting (Figures 17-19). Any of the following
behaviors were considered practicing hunting: grabbing at branches or epiphytes with his
feet or beak, grabbing onto a small branch then abruptly jumping off, and vigorously
flapping while grabbing at a branch. He was never seen moving or exhibiting any behavior
during heavy rain.
The juvenile ate for 44 minutes on Day 2, 162 minutes on Day 3, and 2 minutes on
Day 4. 78% of the time spent eating occurred on Day 3 from 9:48AM to 12:30PM. His
behavior changed after this feeding period; the 8.6 hours of observation before 9:48AM on
Day 3 are classified “before eating” and the 21.7 hours of observation after 12:30PM on Day
3 are classified “after eating” for statistical analysis. After eating, vocalizations decreased
significantly and grooming, practicing hunting, and changing positions increased
significantly (Figure 20).
Vocalizations
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Calls per vocalization, vocalization duration, and time between vocalizations were
recorded during 2 periods: for 49 minutes on Day 1, a period indicative of the entire day,
and for 25 minutes on Day 2, the period immediately after the departure of the adult bird.
The vocalizations recorded on Day 2 (.80/min) were twice as frequent as on Day 1
(.39/min). Over these 2 periods, the juvenile spent 9.4% of his time vocalizing (Figure 19).
Values are presented below as average ± standard deviation.
Calls per Vocalization
Vocalization Duration (sec)
Time Between Vocalizations (sec)

13.8±5.5 calls
24.4±9.8 sec
95.2±77.4 sec

Figure 19: Vocalization specifics taken at 2:02 to 2:51PM on Day 1 and 10:26 to 10:51
on Day 2. Each vocalization consisted of 2-33 “peee-ooo” calls and lasted for 3-48 seconds.

Prey Delivery
An adult brought prey to the nest on Days 2 and 3. On Day 2, the parent arrived at
10:20AM and stayed for 2 minutes. On Day 3, the parent was in the nest tree when we
arrived at 9:23AM and left 21 minutes later. During that time, the adult gave 12
vocalizations consisting of 1-3 calls each. On both days, the adult left towards the west,
away from the observation point. 27 minutes after leaving on Day 2, the adult seemed to be
hunting White-Faced Capuchins (Cebus capucinus), judging by alarm calls from a troop in
that direction. The adult was presumably the female both times, since the male generally
leaves the nest immediately after dropping off prey. It seemed as though she brought a
small animal on Day 2, which was consumed quickly, and a larger animal on Day 3, which
the juvenile ate over several hours.
Local Fauna
Nine birds and 12 mammals were identified in the area by sight, sound, tracks,
camera traps, or prey remains (Figure 27). Other birds were heard but not identified. The
camera traps recorded 7 individuals (.44 sightings per camera per day): 2 Central
American Agouti (Dasyprocta punctate), 1 Marbled Wood-Quail (Odontophorus gujanensis),
1 Northern Tamandua (Tamandua Mexicana), 2 rats, and 1 lizard (Figures 24-26). Of the
species identified, 11 have been recorded as prey for H. harpyja (Aparicio, 2003; AguiarSilvia et al., 2014; Aguiar-Silva et al. 2012; Rotenberg et al., 2012).
Diet

The following prey remains, all from sloths, were found on the ground under the
nest tree: a pellet containing fur, 9 claws, and 5 teeth of a juvenile B. variegatus, the
cranium of a juvenile B. variegatus, 1 partial and 2 full mandibles of C. hoffmani, a cranial
fragment and femur of C. hoffmani, and 3 unidentified cranial fragments (Figures 21-23).
These remains most likely represent 1 juvenile B. variegatus and 3 C. hoffmani.
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Figure 11. Map of observation point and trees used by the juvenile.

Juvenile Location

Percent Time

40.0

35.5

30.0
20.2

20.0

16.1
11.2

10.0

0.0

0.2

0.4

0.7

1.1

1.6

3.4

3.6

6.1

Location
Figure 12. Percent time the juvenile spent in each location. The juvenile spent over half of the observation
time (55.6%) in the nest tree, 20.2% in the nest itself and 35.5% elsewhere in the nest tree.
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Figure 13. Juvenile's path from 10:15-11:58AM on Day 3. The juvenile
flew to Tree A, away towards Tree B, to Tree C, to Tree D, and finally
away towards Tree E.

Figures 14-16. Left to right, juvenile watching researchers from Tree C, Tree D, and Tree A.

Figure 17-19. Left to right, juvenile practicing hunting, head bobbing, and grooming.

16

Rate of Behaviors Before and After Eating
14.2

Occurance/Hour

14.0
12.0

Before
Eating

10.0
8.0
6.0

*

4.0
2.0

0.0

*

0.3

1.1

*

2.0
0.4

*

1.2
0.0

Change Trees Change Position Practice Hunting

0.0

3.1

After
Eating

1.1

Groom

Vocalize

Behavior
Figure 20. After eating, movements increased and vocalizations decreased. Grooming and practicing hunting
were only observed after eating. “*” indicates statistical significance.

Figures 21-23. Prey remains. From left to right: pellet contents (Bradypus variegatus), 2 mandibles (Choloepus
hoffmani), and cranium (Bradypus variegatus).

Figures 24-26. Camera trap photos. From left to right: D. punctate, O. gujanensis, and T. mexicana.
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SPECIES
Birds
Ara chloroptera
Tinamus major
Amazon autumnalis
Coragyps atratus
Psarocolius sp.
Daptrius americanus
Pipra mentalis
Trogon massena
Odontophorus
gujanensis
Mammals
Dasypus novemcinctus
Alouatta palliata
Odocoileus virginianus
Cebus capucinus
Dasyprocta punctata
Sciurus sp.
Tamandua mexicana
Unknown
Bradypus variegatus
Choloepus hoffmani
Nasua narica
Tayassu tajacu

COMMON NAME

RECORD

PREY

Red-and-green Macaw
Great Tinamou
Red-lored Amazon
Black Vulture
Oropendola
Red-Throated Caracara
Red-Capped Manakin
Slaty-Tailed Trogon

Sight
Sight
Sight
Sight
Sound
Sight
Sound
Sight

X
X

Marbled Wood-Quail

Sight, Camera Trap

Nine-banded Armadillo
Mantled Howler
White-tailed Deer
White-faced Capuchin

Sight
Sound
Tracks
Sound
Camera Trap,
Tracks
Sight
Camera Trap
Camera Trap
Bones
Bones
Tracks
Tracks

Central American Agouti
Tree Squirrel
Northern Tamandua
Rat
Brown-throated Three-toed Sloth
Hoffman’s Two-toed Sloth
White-nosed Coati
White-lipped Peccary

X
X
X
X
X
X
X
X
X

Figure 27. All mammals and birds identified in the area. Species marked with an X in the final column have
been recorded as prey for H. harpyja.

Figure 28. Ancon, with crest raised, at 11 months old.
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DISCUSSION
Nest and Juvenile
The nest studied is similar in size, host tree, and height to others in the literature
(González & Vargas, 2011). Regarding the previous deceased chick, a similar situation has
been recorded in Brazil, where a nest fell and killed a 60-90 day-old eaglet, leading parents
to construct another nest 2.6 km away several months later (Ubaid et al., 2011). Ancon’s
coloring, just beginning to turn grey on his chest, is consistent with 11 months of age
(Aparicio, 2008).
Location
Ancon did not venture as far from the nest as other tracked juveniles, though
otherwise his movements concur with past studies. Ancon spent around half his time in the
nest tree, about a third less than found for a 7-month-old juvenile (Rettig, 1978). The
following maximum distances from the nest have been recorded for 5 juveniles of various
ages: 270m at 7 months old, 250m at 11 months, 500m at 11 months, 400m at 18 months,
and 580m at 23 months (Aparicio, 1995; Muñiz-López et al., 2012; Rettig, 1978). Ancon’s
maximum recorded distance from the nest was only 79m, though he may have travelled
farther when out of sight of researchers. Both 11-month-old birds mentioned above were
tracked by telemetry and spent most of their time within 30m and 100m of their nests,
respectively. One of the birds never ventured father than 296m from the nest during the 2year tracking period, and neither bird left the parental territory in this time (Muñiz-López
et al., 2012). Similarly, Ancon generally stayed within 50m of the nest and presumably did
not leave his parents’ territory. These findings suggest gradual distancing from the nest,
with high levels of individual variation. Juvenile dispersal presumably occurs at an age
greater than 2 years.
Prey Delivery
Previous studies suggest decreases in prey delivery as juveniles age. Depending on
the pair, either the male or the female may deliver prey more frequently or at equal rates.
Nest monitoring in eastern Venezuela and Guyana found the following average rates of
prey delivery: once every 2.4 days for a recently hatched chick, every 2.0 days after 4
months, every 3.3 days after 6 months, and every 3.7 days after 7 months (Rotenberg et al.,
2012; Seymour et al., 2010). For a 7-month-old juvenile, each adult may only visit the nest
about once every 6 days, despite frequent calls by the juvenile when left along for more
than 2-3 days (Rettig, 1978). During our study, the adult came twice in 8 days, and
generally comes once every 4-6 days according to our guides. Though no other data on
prey delivery rates exist for an 11-month-old juvenile, our study suggests that delivery
continues to decline between 7 and 11 months.
Behavior
Ancon seemed to show curiosity in the territory around his nest. He observed the
researchers for several hours on Day 3 and used new trees during the observation period,
whereas in previous months he limited his movements to a few chosen trees. Though
Ancon was seen practicing the basic motions of hunting, he never attempted hunting prey
and showed no aggression towards prey species. When Red-and-green Macaws (Ara
chloroptera) landed in the nest tree, he hunched down in the nest and stopped calling,
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seeming frightened. His behavior was significantly different when hungry, in a way that
suggests decreased interest in hunting. Before eating, he gave frequent begging calls from
the nest, moved little, and did not practice hunting motions.
Interestingly, Ancon vocalized most frequently in the half hour after his mother left,
at first ignoring the prey she brought. This suggests that juvenile vocalizations represent
more than a begging call for food, even at this age. A desire to be around his parents may
have inhibited Ancon from venturing farther from the nest. Parental attendance was low
during this study; the mother was only present for 23 minutes (1.3% of the total
observation time) despite constant calling by Ancon over Days 1 and 2. Parent eagles may
stay away from the nest to encourage independence from their offspring.
Despite this, Ancon still completely depended on his parents for food. This is
astonishing given that post-fledgling dependency periods for most raptors are less than 2
months, and even most large eagles such as the Bald Eagle (Haliaeetus leucocephalus) and
Golden Eagle (Aquila chrysaetos) attain full independence within 6 months from hatching
(McIntyre et al., 2006; Wood et al., 1998). Consistent with the literature, though Ancon had
begun exploring his parents’ territory, he stayed within a close radius from the nest and did
not seem at all ready to begin dispersal.
Local Fauna and Diet
The diet findings also agree with past studies (Aguiar-Silva et al., 2014). Despite the
fact that 10 prey species were recorded in the nesting area, the only remains found were
from B. variegatus and C. hoffmani, the preferred prey of H. harpyja. This finding suggests
that the eagles have plentiful food resources, allowing them to have a highly specialized
diet. It also demonstrates the importance of this area as H. harpyja breeding territory.
Additionally, the area is highly diverse and important from a conservation perspective;
several species encountered during the study are listed under some degree of threat
(Tinamus major, Odontophorus gujanensis, Tayassu tajacu), and threatened macrofauna
such as the Giant Anteater (Myrmecophaga tridactyla), Baird's Tapir (Tapirus bairdii), and
Jaguar (Panthera onca) have also been seen in the area (IUCN, 2016). This further
emphasizes the conservation value of the primary forests that H. harpyja inhabit.
Interviews: Nest Monitoring
Pijibasal was the first community to monitor a H. harpyja nest, beginning 2 years
ago. One of 2 guides from Pijibasal monitors the nest every other day. The people in
Pijibasal used to call H. harpyja “aguilucho” (Spanish) or “nejovu” (Emberá), both of which
mean “big eagle.” Though neither guide was aware of H. harpyja in the area before the
project, both were interested in conserving the eagles in part because they are a national
symbol of Panama. Both guides also expressed more satisfaction with guiding and nest
monitoring than with their previous jobs as farmers. In one guide’s opinion, nest
monitoring matters because if something happens to the juvenile, such as injury or
abandonment, they can find out why and get help. Many other members of the community
expressed interest in the project during our stay. According to interviews, nest monitoring
helps the community because the guides are paid to monitor and because the eagle attracts
tourists.
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Interviews: Local Conservation
Traditional conservation efforts that exclude human use can discourage local
support; effective conservation projects must include community involvement and
education (Ancrenaz et al., 2007). Pijibasal recently hosted a congress of 8 indigenous
communities. This congress has placed limits on farming and cutting down trees and has
prohibited community expansion and slash-and-burn agriculture. In addition to the nestmonitoring project, Pijibasal participated in an ongoing camera trap study of jaguars and
tapirs, reptile and amphibian studies, and other research and conservation projects.
Everyone interviewed had a positive view of conservation; several talked about the
importance of primary forests and conserving their environment. Community members
were knowledgeable about the problems affecting their lands and talked about illegal
logging, poaching, and corrupt park guards in the area.
Fondo Darién has worked in Pijibasal for the past 3 years to support tourism and
sustainability. The organization trained community members as guides, helped improve
farms, and taught conservation methods. Strong community education programs are
especially critical for conservation of top predators (Curti & Valdez, 2009). In the Pijibasal
school, children learn about trees in the area as well as macrofauna such as jaguars, tapirs,
and eagles. Judging by interviews, efforts in Pijibasal benefit both local community needs
and biodiversity conservation, particularly through nature-based tourism.
Interviews: Tourism
Everyone interviewed talked about the interplay between conservation and
tourism. Tourism, which began 3 years ago, helps the community preserve their culture
because tourists pay to experience activities such as dance, body painting, artistry, music,
and food. Tourism has helped Pijibasal become more self-sufficient; they now grow a
greater variety of crops in order to feed tourists local foods, and as a result need to buy less
for themselves. All the profits from tourism have gone into infrastructure in the
community.
In particular, tourism allows the community to gain from conservation. People
mentioned that preserving forests and caring for tourists is an easier economic recourse
than others available to them, namely farming. Since Pijibasal became involved in tourism
and conservation 3 years ago, the quality of life has improved. The community collects all
their trash, the river is cleaner, and children learn about the environment in school. With
this environmental education, people in Pijibasal want to protect megafauna such as
peccaries rather than hunt them. Several people mentioned their excitement in seeing a
tapir enter the community recently, especially because they know it is endangered. One
community member talked about how they used to plant anywhere and hunt any animal,
without knowing what was hurtful, but now they try to take care of the land. Another
talked about how tourism and conservation benefit their children, who get to meet people
from many different places and grow up in a well-preserved area. In my opinion,
conservation and tourism also seem to bring Pijibasal together as a community working
towards a common goal.
Potential Sources of Error
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Ancon was only monitored for 7 days, which was not long enough to get a full
picture of his activity or an accurate rate of prey delivery. He was not always in sight, so his
location was sometimes unknown. Given that we had to walk an hour and a half to the nest
and could only walk during daylight, I did not gather any information on his movements
around dawn or dusk. Additionally, since interviews were only conducted with community
members who directly benefited from tourism, interview results may have been skewed to
favor conservation.
CONCLUSION
Conservation Implications
The objectives of this study were reached. Behavior and diet were recorded of a
wild H. harpyja juvenile at an age not before studied in the literature. The diet and prey
data demonstrate the importance of the area as H. harpyja breeding territory. Additionally,
the threatened species present add to the area’s conservation value. The conclusion that
Ancon showed no signs of feeding or territory independence agrees with the literature and
emphasizes both the need to study older juveniles and the importance of protecting
breeding territory of H. harpyja.
The study also gained a clearer picture of the conservation efforts and stakeholders
involved in the nest-monitoring project, particularly from local and indigenous viewpoints.
More information on juvenile behavior could one day inform successful restoration
projects in former eagle territory. However, H. harpyja conservation efforts in Panama have
shown that protecting high-quality forest in reproductive territories and educating
communities to prevent poaching are currently more effective approaches. Local
involvement plays a critical role in wildlife conservation. Pijibasal represents successful
reconciliation of human development and biodiversity conservation through training locals
in conservation projects, involving locals in scientific research, and supporting eco-tourism.
Because H. harpyja require vast tracts of primary forest, and because of their high status as
the national bird of Panama, they are a flagship species for Neotropical forest protection.
Recommendations for Future Research
Future research should study juveniles older than 2 years to determine actual
dispersal patterns, which are still poorly understood. Juvenile dispersal is particularly
important given the interest in repopulating eagles to their former range. Due to the lack of
success in reintroduction of captive-bred birds, studying juvenile dispersal and protecting
the home ranges of breeding birds are the best methods to encourage repopulation as well
as protect current populations.
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Appendix 1. Examples of interview questions.
Que piense del proyecto del monitoreo el nido del águila?
(What do you think of the project to monitor the eagle nest?)
En que consiste la participación de la conservación de la comunidad?
(How does the community participate in conservation?)
Porque esta interesada en la conservación o en el turismo la comunidad?
(Why is the community interested in conservation or in tourism?)
Los actividades del la conservación, como afectan la comunidad?
(How do the conservation activities affect the community?)
En su opinión personal, la conservación en Pijibasal, hace la diferencia? Y de que manera?
(In your opinion, does conservation in Pijibasal make a difference? In what way?)

